The effect on normal vaginal flora of three intravaginal microbicides potentially active against human immunodeficiency virus type 1 was examined. Volunteers received dextrin sulfate (D 2 S), nonoxynol-9 (N-9), or docusate sodium in separate placebo-controlled studies. High vaginal swabs were obtained for bacterial culture before and after microbicide application. D 2 S did not affect the vaginal flora. However, lactobacilli decreased by §10 2 cfu/mL in 9 (56%) of 16 women given N-9 and in 5 (63%) of 8 women given docusate sodium. Women using N-9 were also significantly more likely to become colonized abnormally (usually with aerobic gram-negative rods) than were those using placebo, as were women using docusate sodium. Women with reduced lactobacilli were less likely to regain normal flora than were those whose lactobacilli were unaffected. However, coliform colonization occurred whether lactobacilli produced H 2 O 2 or not. Continuous use of N-9 could induce susceptibility to urinary and gynecological infection. It is essential that potential microbicides are examined for activity against normal vaginal flora.
While research into antiretroviral therapy and vaccine develment of adherence of E. coli to vaginal epithelial cells in the presence of such agents [6] . As part of a research program opment against human immunodeficiency virus type 1 (HIV-1) is continuing, attention also has focussed in recent years on to investigate novel, potential, vaginally applied microbicidal agents, we have studied the effect of three such agents on the the development of intravaginal microbicidal agents capable of reducing the heterosexual transmission of HIV-1 [1] . For vaginal flora of healthy volunteers. example, nonoxynol-9 (N-9), a commonly used spermicidal agent, has virucidal activity in vitro [2] . However, there have Materials and Methods been safety concerns following reports of vaginal ulceration during clinical studies [3] . In addition, it has been suggested Study design. Healthy female volunteers were recruited to rethat spermicide use is associated with an increased risk of ceive 30 mg/mL (0.0003%) or 100 mg/mL (0.01%) dextrin sulfate vaginal colonization with bacteria such as Escherichia coli (D 2 S; ML Laboratories, St. Albans, UK), 20 mg/mL N-9 (London [4] . The mechanism by which colonization with uropathogens International Group, Cambridge, UK), or 20 mg/mL docusate sooccurs is incompletely understood, but it may be due to the dium (London International Group) in three separate placebo-consusceptibility of lactobacilli (the predominant organism in nortrolled studies. D 2 S is a sulfated polysaccharide, which has been mal vaginal flora) to spermicidal agents [5] or through enhanceshown to be a potent inhibitor of the replication of laboratory strains of HIV-1 in some human cell lines and peripheral blood lymphocytes [7] . N-9 is a nonionic surfactant with spermicidal activity and is widely available commercially. Docusate sodium (sodium dioctyl sulfosuccinate) is an anionic surfactant that also has spermicidal activity [8] . The study design has been described elsewhere [9, 10] other than the gel being tested. Volunteers were seen 21 days 
last day of gel application), and 14 (i.e., 7 days after completing groups) or if lactobacilli were not isolated at day 0 (2 women, gel application) for the N-9 and docusate sodium studies. Days both in the N-9 group). tobacilli isolated after gel exposure was defined as a decrease brinated horse blood for the semiquantitative isolation of all aeroof §10 2 cfu/mL. In the D 2 S study, none of 5 women given bic, anaerobic, and microaerophilic bacteria as described pre-0.003% D 2 S, 1 of 10 given 0.01% D 2 S, and 1 (13%) of 8 given viously [11] . Quantitative values for lactobacilli were estimated as previously described [12] . All strains of lactobacilli isolated placebo had a decrease in the number of lactobacilli. In the from women in the N-9 study were tested for hydrogen peroxide N-9 study, a reduction was seen in 9 (56%) of 16 women in (H 2 O 2 ) production by both a qualitative plate method [13] and a the N-9 group and 6 (33%) of 18 women in the placebo group. Changes were not thought to be due to fluctuations relating to the menstrual cycle. This was demonstrated by the culture of samples obtained at day 021 (follicular phase) and the Results comparison of them with samples from days 0 and 7 (follicular Evaluable volunteers. In the D 2 S trial, 36 of 37 recruited phase). The number of lactobacilli was also reduced in 5 (63%) women completed the study. Vaginal microbiology results were of 8 women given docusate sodium, compared with none of 5 available for 25 of these subjects; however, samples from 2 of women given placebo. the 25 subjects (1 D 2 S; 1 placebo) were not included in the None of the differences between active gel and its respective analysis because lactobacilli were not recovered from samples placebo was statistically significant. The reduction in the numobtained at day zero. The remaining 11 women (8 in the D 2 S ber of lactobacilli in the N-9 placebo group may be due to the group; 3 placebo) were not tested due to incomplete sets of presence of docusate sodium, which is absent in the other two samples. Thus, there were 23 evaluable volunteers, 10 receiving placebos (see table 1 ). In all cases in which lactobacilli counts 100 mg/mL D 2 S, 5 receiving 30 mg/mL D 2 S, and 8 receiving decreased, numbers were regained at day 14 (i.e., 7 days after placebo.
gel exposure was stopped; N-9 and docusate sodium studies For the N-9 study, 40 women were recruited, of whom 20 only). each were given N-9 and placebo: All 40 completed the study.
Culture for other bacteria. Detailed microbiologic investiSamples were excluded from analysis if they were part of gation was done using samples from 30 women (17 from the N-9 study and 13 from the docusate sodium study). Culture incomplete sets (4 women, 2 each in the N-9 and placebo for aerobic, anaerobic, and microaerophilic bacteria showed normal flora at day 14. A proportion (31%) of the N-9 placebo group also had abnormal flora at day 7, although this was that organisms associated with bacterial vaginosis, that is, large numbers of Gardnerella vaginalis, anaerobic gram-negative significantly less than in the women using active N-9 gel (x 2 Å 10.15; P õ .0005, Fisher's exact test). Of 7 women rods, anaerobic gram-positive cocci, and Mobiluncus species, were isolated from only 1 of 8 women in the docusate sodium using docusate sodium, 5 (71%) were abnormally colonized at day 7. However, none of the women using the docusate sodium group at day 7. One other woman developed bacterial vaginosis at day 14. Cultures of swab specimens from the 30 women placebo were affected. Only 1 (8%) of 13 women using D 2 S had abnormal flora at day 7, and none using the D 2 S placebo demonstrated that where the flora was abnormal, that is, overgrowth of large numbers of other bacterial species with or had abnormal flora. The species of bacteria colonizing the vagina after gel application are shown in table 3. without depletion of lactobacilli, the abnormal flora consisted of aerobic bacteria. These were predominantly gram-negative H 2 O 2 production. All strains of lactobacilli isolated from women in the N-9 study were tested for the production of rods (coliforms, such as E. coli, Klebsiella pneumoniae, and Enterobacter aerogenes) and gram-positive cocci (Staphylo-H 2 O 2 . The flora of all the women in the N-9 group became abnormal after N-9 treatment, regardless of the H 2 O 2 status of coccus species and Micrococcus species) in large numbers, that is, 10 5 -10 6 cfu/mL. their lactobacilli. However, 3 (20%) of the 15 women evaluable in this group lost H 2 O 2 -producing strains after N-9 exposure. In view of this, specimens from the remaining 42 women (25 from the D 2 S study and 17 from the N-9 study) were Possession of H 2 O 2 -producing strains of lactobacilli did not facilitate the recovery of normal flora after gel exposure, since examined for aerobic bacteria only. The proportion of women in each study group whose flora remained normal throughout the proportion of women from whom H 2 O 2 -producing strains were isolated was the same (that is 3 of 4 women) in both the the study is shown in table 2. To maintain strict comparison of the groups, we excluded from analysis the 12 women whose group whose flora recovered after N-9 treatment and in the group whose flora remained abnormal. flora was defined as abnormal at day 0 (table 3). The vaginal flora of only 2 of these women (1 from the D 2 S group and 1
In the N-9 placebo group, the proportion of women with H 2 O 2 -producing strains who developed an abnormal flora at from the N-9 group) returned to normal after gel use.
All of the women in the N-9 group with normal flora at the day 7 (i.e., 7 [58%] of 12 women) was similar to the proportion whose flora remained normal (i.e., 4 [44%] of 9 women). Howstart of the study were colonized abnormally at day 7. This occurred regardless of whether numbers of lactobacilli were ever, lack of H 2 O 2 -producing strains was seen in a large proportion of women whose flora was abnormal at day 0. In this reduced or not. Of 5 women with undisturbed lactobacilli at day 7, 4 (80%) had regained normal flora at day 14, whereas group, 4 of 8 women had H 2 O 2 -negative strains only, 1 (13%) of 8 women had H 2 O 2 -positive strains only, and the remaining only 4 (57%) of the 7 with depleted lactobacilli at day 7 had 3 women had H 2 O 2 -positive and -negative strains. In the group of 26 women with normal flora at day 0, 4 (15%) had H 2 O 2 -negative strains only, 15 (58%) had H 2 O 2 -positive strains only, Table 2 . Effect of three vaginally applied microbicidal agents on and the remaining 7 (27%) had positive and negative strains. by others [15] . However, in the earlier study, sexual intercourse
Women with depleted and use of a diaphragm with spermicide was thought to contriblactobacilli at day 7 (9) 7 0 4 (57)
ute to the disturbance of the flora. In our study, women ab- did not. This suggests that abnormal vaginal colonization did NOTE. Table includes data on all women, including those with abnormal flora at day 0. D 2 S Å dextrin sulfate; N-9 Å nonoxynol; GNR Å gram-negative rods; GPC Å gram-positive cocci; Bifido Å Bifidobacterium species. not occur as a result of contamination by rectal flora when the flammation [10] . This would suggest that this population would be additionally susceptible to the development of urinary gel was applied.
Disturbance to the vaginal flora did not predispose the tract and gynecologic infection with the use of N-9 but not with D 2 S. women to the development of bacterial vaginosis, and in most cases, the flora returned to normal after the treatment period.
We are currently investigating the effect of lower doses of N-9 and higher doses of D 2 S. It will be interesting to evaluate Abnormal vaginal colonization occurred regardless of whether the lactobacilli were or were not depleted and regardless of and compare the effects of these concentrations on healthy vaginal flora. whether the strains produced or did not produce H 2 O 2 . However, the women were more likely to have their flora return to normal after N-9 treatment if lactobacilli had not been depleted, Cytotoxic T lymphocytes (CTL) are important for recovery surface of the cell, and thereby prevents recognition of the infected cell by CTL [1] . Herpesviruses also down-regulate from many viral infections. Viral peptides form complexes with class I or class II major histocompatibility complex (MHC) surface expression of class I MHC. Infection of murine and porcine cells with pseudorabies virus reduces expression of proteins on the cell surface. The resulting complexes are recognized by CTL, which may lyse infected cells early during viral class I MHC antigen [2] . Human cytomegalovirus (CMV) infection encodes at least four proteins that reduce expression of replication, thereby reducing release of infectious virus.
Infection of Cells with
Several viruses have evolved mechanisms for avoiding recclass I MHC heavy chains on the surface of infected cells. ognition by CTL. Adenovirus expresses a protein, E3-gp19K, The US2 and US11 gene products of human CMV result in that binds to class I MHC antigen, inhibits its transport to the dislocation of newly synthesized class I heavy chains from the endoplasmic reticulum to the cytosol, where they are degraded, the US6 gene product inhibits peptide translocation by the TAP transporter protein, and the US3 gene product impairs transport of class I heavy chains from the endoplasmic reticulum [3] .
